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Abstract
A poly( isocyanide). [R N -C  <]„, with pendant cholesterol side groups forms stable Langmuir Blodgett (LB) monolayers at the 
air-water interface. At high surface pressures, the monolayers are spontaneously transformed into bilayer structures. The 
monolayer was transferred onto various solid substrates to form LB multilayers. FT-IR, ellipsometry and SAXS indicate that in 
these multilayers the polymer side chains are oriented perpendicular to the substrate surface.
1. Introduction
Polymers can form stable monolayers at the air-water 
interface if they have a structure analogous to low  
molecular weight amphiphiles [1 -4 ] or if they contain a 
polar moiety which can interact sufficiently with the 
water layer [5 -7 ], This polar moiety prevents the poly­
mer monolayer collapsing at low pressures. Poly(iso- 
cyanidejs, [R N -C < ]„ , are rigid-rod polymer m ole­
cules with a stable 4/1-helical conformation [8 ,9]. The 
four repeating units per turn are stacked parallel with 
respect to the helical backbone, leaving a pitch o f  4.2 Á. 
A Langm uir-Blodgett study on different polymers and 
co-polymers o f  n-alkyl-isocyanides and a-methyl-alkyl 
isocyanides showed that the polymer helices can be 
oriented parallel to the air-water interface. These poly­
mers failed, however, to form stable monolayers and 
they were not transferable to solid substrates [10].
It was found that incorporation o f  an ester group in 
the polymer side-chains R, as in p oly((5)-l-ace- 
toxymethylethylisocyanide) [11], [ > C -N -C H (C H ,)  
C H 20 C (0 )C H ,]  (PAM EIC), leads to stable and trans­
ferable monolayers. Apparently, the ester group facili­
tates the interaction with the water subphase. This 
observation indicates (as we reported previously [10]) 
that rigidity in itself is not a sufficient factor for obtain­
ing stable monolayers at the air-water interface. In the 
present paper we extend our studies and present new
*Kor Part I in this series see ref. 10.
data on a poly( isocyanide) with pendant cholesterol 
groups, namely poly(3-cholesteryl-6-isocyanohex- 
anoate) (PCIH).
2. Experimental
The synthesis o f  PCIH is described elsewhere [12], 
The cleaning procedures o f  the substrates and the 
preparation o f the gold plated glass slides have been 
reported previously [10]. M onolayers were studied by 
their pressure area isotherms using a computer con­
trolled Lauda Filmbalance (FW -2). The subphase was 
water, purified by a reversed-osmosis system (Elgastat 
spectrum SC30) and subsequent filtration through a 
Milli-Q purification system. Polymers were spread from 
chloroform or toluene solutions (max. 0.1 wt.%). 
Isotherms were recorded at different temperatures and 
at different speeds o f compression. After stabilization 
o f  the layer on the water surface, multilayers were 
deposited on silicon wafers, ZnS plates (Cleartran 
Spectra-Tech) and on gold plated glass slides at a 
constant temperature and pressure with a deposition 
speed o f  4 mm/min. IR spectra were obtained with a 
Bruker IFS-88 FT-IR spectrometer equipped with a 
MCT-A detector (D-313) to a resolution o f  4 cm A 
germanium Brewster angle IR polarizer was used 
for both grazing incidence reflection (G IR) and trans­
mission (TM ) experiments. Spectra were recorded by 
the method o f  Arndt [13]; cycles o f 200 scans were 
used.
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3. Results and discussion
3.1. Monolayer properties 
Polymer PCIH, spread from chloroform solution, 
displayed isotherms as shown in Fig. 1, curve A. The 
average area per repeating unit is lower than expected, 
which suggests that the polymer forms aggregate in 
chloroform solution. Changing the solvent to toluene 
resulted in markedly different isotherms (see Fig. 1, 
curves B -E ). The first pressure rise is observed at 34 À 2 
per repeating unit. It is ascribed to an arrangement o f  
the polymer side chains as depicted in Fig. 2a. In this 
arrangement the cholesterol groups are oriented more 
or less perpendicular to  the surface. Thickness and 
width o f  the cholesterol group are 5 .1 -5 .7  Â  and 6.5 - 
7 Á, respectively. The cross section area, therefore, is 
expected to be 3 1 - 3 9 À 2, which suggests that the side- 
groups are stacked as in conventional monolayers o f  
low molecular weight amphiphiles. This is possible be­
cause o f  the C 5-spacer which is present in the polymer 
side chain and the fact that the helix is not as rigid as 
in the case o f  PAM EIC which contains an additional 
a-substituent next to the -N -C  <  backbone. Above 
surface pressures o f  20 m N/m  a transition occurs which 
becomes more visible at higher temperatures. We pro­
pose that at this transition the monolayer is trans­
formed into a bilayer with an area per repeating unit, 
amounting to one-third o f  the original value o f  the 
monolayer. The proposed structure o f  the bilayer is
i l l
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Fig. 1. Pressure-area isotherms of PCIH. Spreading solvent chloro­
form; 19.9 °C curve A. Spreading solvent toluene; 10.8 °C curve B; 
20.0 °C curve C; 33.0 °C curve D; and 48.0 C curve E. Speed of 
compression is 5 Â2/( repeating unit rain) in alt cases.
(a) (b)
Fig. 2. Schematic visualization of a monolayer (A) of PCIH, which is 
transformed into a bilayer (B) at higher pressures.
depicted in Fig. 2b. The top layer resembles the liquid- 
crystalline bulk structure as proposed by van Walree et 
al. [12],
3.2. Stabilization and transfer
The ester functions in PCIH seem to have enough 
interaction with the subphase to form stable layers 
despite the presence o f  the large hydrophobic choles­
terol groups. However, during stabilization o f  a layer o f  
PCIH at constant pressure o f  12 m N/m , the film area 
was observed to increase. This was not only the case if 
a pressure was applied. Recording an isotherm after 
leaving the applied film for 16 h at an area o f  160 Â 2/re­
peating unit before film compression is commenced, 
also showed a shift to a larger area per repeating unit. 
Diluting the spreading solution from 0.85 mg/ml to
0.085 mg/ml also led to higher areas. A control experi­
ment using the same amount o f  pure solvent, did not 
show any pressure build up after waiting for 16 h. It is 
not clear yet what factors are responsible for this 
unexpected thin film behaviour. Despite all this, the 
layers could be transferred to all kinds o f  substrates 
with constant Y-type transfer (transfer ratios: up 1.0 
and down 0.7). A  stable state is also found after the 
transition, at T  — 48 °C, and for example at 
7i =  40 m N/m. Deposition from this state onto various 
solid substrates failed, however, probably because the 
layer is too rigid.
3.3. Infrared spectroscopy
Multilayers were built on substrates for TM  and GIR  
FT-IR measurements. The in-plane linear dichroism, 
measured from a ZnS plate coated on two sides with 40 
layers o f  PCIH (ti =  12 m N/m; T  =  20 °C), revealed an 
alignment o f  the polymer molecules. Figure 3 shows the 
difference o f  two transmission spectra in which the 
polarization o f  the IR light is parallel and perpendicu­
lar to the dipping direction, respectively. The C=N
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Fig. 3. Difference of the transmission spectra with different directions 
o f polarization of the IR light. Plotted is the absorbance o f light 
polarized perpendicular to the dipping direction of the substrate 
minus the absorbance of light polarized parallel to this direction. 
Sample: ZnS deposited on two sides with 40 layers of PCIH.
bonds have an orientation perpendicular to the polymer 
main helix. The observed positive absorption at 
1637 c m '1 (v(C=N)) in this case indicates that the poly­
mer rods have a preferred orientation which is parallel 
to the dipping direction. The dichroic ratio is not as 
high as in the case o f  PAM EIC. This is probably due to 
the fact that the two polymers have different aspect 
ratios. The length, L , o f the polymer helix is determined 
by the degree o f  polymerization which is 240 and 61 for 
PAM EIC and PCIH, respectively. The lower degree of 
polymerization and the more bulky side group o f PCIH  
results in a smaller aspect ratio o f  ¿/Z) S  1 -3  as com ­
pared to L | / ) s  14 in the case o f  PAMEIC. Thus, 
strong orientation effects during the transfer process are 
not to be expected for PCIH.
The carbonyl stretching vibration at 1735 cm -1, 
v(C =0), is oriented preferentially parallel to the main 
helix. The same orientation o f  this group was found in 
PAM EIC [10],
The C H , groups o f  cholesterol have a more or less 
fixed position which is mainly perpendicular to the ring 
system. The interacting dipole moment o f  the asymmet­
ric CH,-stretching vibration therefore, is in plane with 
the cholesterol group. The G IR  spectrum o f PCIH (40 
layers on gold) shows a large C H , stretching vibration 
at 2952 cm va(C H 3), which is reduced to a shoulder 
in the transmission spectra (see Fig. 4). This indicates 
that the cholesterol group has an orientation which is 
perpendicular to the substrate. The symmetric CH 2- 
stretching vibration at 2853 c m '1 is more pronounced 
in the transmission spectra than in the GIR spectra, 
which indicates that the corresponding dipole is ori­
ented in the plane o f  the film. The CH 2 groups are 
mainly located in the C,-spacer groups and in the
Mavenumbers (cm-1)
Fig. 4. Infrared spectra of PCIH. Transmission spectrum ( )
o f a sample, deposited on two sides with 40 layers on ZnS, with the 
polarization direction of the IR light perpendicular to the transfer
direction. GIR spectrum (----------) of 40 layers of PCIH deposited on
gold (p-polarization).
tail-groups which suggests that these groups have an 
orientation perpendicular to the substrate.
3.4. Ellipsometry and S AX S
LB multilayers o f PCIH were made on silicon sub­
strates and the thickness o f  the deposited films was 
measured by means o f  ellipsometry. The film thickness 
appeared to be a linear function o f  the number o f  layers 
deposited. The layer thickness amounted to 25.5 Â per 
layer, which is in good agreement with the SAXS 
results o f  van Walree et al. [12], They found a spacing 
o f 43.5 Á for two units with interdigitating tails. This 
corresponds to approximately 25 Â per unit as shown 
in Fig. 2a.
Small angle X-ray scattering on a 40 layer PCIH 
coated glass slide revealed a spacing of 45.8 À which is 
in line with a Y-type double layer with scattering 
originating from the electron rich parts, i.e. the double 
bonds in the ester and isocyano groups.
4. Conclusions
From the experiments presented here we may con­
clude that a LB monolayer o f  PCIH molecules exhibits 
a structure as depicted in Fig. 2a, with the pendant 
cholesterol groups oriented perpendicular to the sub­
phase. When the surface pressure is increased, a rear­
rangement o f  the polymer molecules takes place, 
probably from a monolayer to a bilayer structure ( Fig.
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2b). Transfer o f  the monolayer is possible to different 
types o f  substrates. The polymer helices are only  
slightly oriented parallel to the dipping direction due to 
the rather small apsect ratio o f the molecules. ,
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